Introduction {#section1-1759720X19886494}
============

In recent years, the treatment of myositis experienced a further development and improvement. Whereas previously corticosteroids were the only option and some expert options to other immunosuppressive treatment existed, several large studies and longlasting experiences are available today.

The aim of this review is to outline the current standard treatment of myositis and to provide an overview of new treatment options and recent clinical trials. A PubMed search of all relevant case reports, clinical trials and reviews, focusing on publications of the last 3 years, was undertaken. But where no data were available for the last 3 years, we included earlier studies, too. We discuss a wide range of immunosuppressive and immunomodulatory treatments, including conventional and novel biologic therapies, placing new developments in context with our current standard treatment of myositis. Furthermore, it is of utmost importance for patients that the treatment is done in a close interdisciplinary manner between rheumatologists, dermatologists, neurologists, pulmonologists, pathologists, and physical therapists.

Treatment of DM, PM, and OM including ASS {#section2-1759720X19886494}
=========================================

Polymyositis (PM), dermatomyositis (DM), necrotizing myopathy (NM), antisynthetase syndrome (ASS), overlap myositis (OM) and inclusion body myositis (IBM) are reviewed here. It is a diverse group of inflammatory muscle disorders, commonly characterized by progressive muscle weakness, myopathic findings on electromyography, elevated creatine kinase (CK) level in serum, as well as inflammatory infiltrates in muscle biopsy. The current classification of myositis and the diagnostic pathway have recently been reviewed.^[@bibr1-1759720X19886494]^ The disease progress, organ manifestations, association with neoplasia, histopathological findings, presence of autoantibodies, and pathomechanism differ largely between the subtypes^[@bibr2-1759720X19886494]^ and it is this heterogeneity that creates a challenge in treatment.

Glucocorticosteroids and adrenocorticotropic hormone gel {#section3-1759720X19886494}
--------------------------------------------------------

The standard first-line treatment of DM, PM and OM are glucocorticosteroids, usually administered orally at a dose of prednisolone 0.5--1.0 mg/kg per day, and an initial intravenous (i.v.) high-dose pulse with up to 1000 mg methylprednisolone per day for 3--5 days, particularly in acute and severe cases ([Figure 1](#fig1-1759720X19886494){ref-type="fig"}). The potential side effects of corticosteroids are well known and include weight gain, osteoporosis, diabetes mellitus, hypertension, and increased risk for infections. These side effects can make treatment with corticosteroids, for certain patients, intolerable.

Adrenocorticotropic hormone (ACTH) gel, also known as repository corticotropin injection (RCI), is a melanocortin peptide with mechanisms of action beyond steroidogenesis resulting in anti-inflammatory and immunomodulatory effects. The efficacy of RCI has been demonstrated in a number of retrospective case series.^[@bibr3-1759720X19886494],[@bibr4-1759720X19886494]^ Recently, an open-label clinical trial tested RCI in patients with refractory adult PM and DM and showed clinical improvement in 7 out of 10 subjects. A significant reduction in concomitant steroid dosing after 24 weeks was noted with none of the patients developing weight gain or cushingoid features.^[@bibr5-1759720X19886494]^ Though it should be highlighted that three serious adverse events (SAEs) occurred during the trial, considered related to the study drug, including one with disseminated herpes zoster causing herpes pneumonitis. Therefore, more studies evaluating the efficacy and safety are necessary, before RCI may be considered a treatment option in patients with PM or DM, who do not respond to, or cannot tolerate, corticosteroids and other immunosuppressants. RCI is approved by the US Food and Drug Administration for the treatment of myositis but has not yet been approved by the European Medicines Agency.

Immunosuppressants {#section4-1759720X19886494}
------------------

An immunosuppressive maintenance therapy is usually started in parallel with corticosteroids, and the first immunosuppressive agents of choice include azathioprine (AZA), methotrexate (MTX), and mycophenolate mofetil (MMF; see [Figure 1](#fig1-1759720X19886494){ref-type="fig"}). A multicenter, randomized study also demonstrated a better efficacy of early combination therapy of MTX or ciclosporin with prednisone compared with prednisone alone in patients with new-onset juvenile DM, resulting in a shorter median time to clinical remission and prednisone discontinuation; while the side-effect profile favored the combination with MTX compared with ciclosporin.^[@bibr6-1759720X19886494]^

![Overview of treatment essentials in PM, DM, NM, ASS and OM.\
ASS, antisynthetase syndrome; DM, dermatomyositis; IL, interleukin; i.v.; intravenous; IVIg, intravenous immunoglobulin; JAK, Janus kinase; NM, necrotizing myopathy; OM, overlap myositis; PM, polymyositis; TNFα, tumor necrosis factor alpha.](10.1177_1759720X19886494-fig1){#fig1-1759720X19886494}

A recent study comparing the efficacy and adverse effects in 102 patients with ASS treated with AZA *versus* MTX showed similar effects in clinical outcome as well as similar prevalence of adverse events between the two immunosuppressants.^[@bibr7-1759720X19886494]^ The most common adverse effects included elevated liver enzymes und gastrointestinal involvement with slightly higher prevalence in patients treated with AZA, while two patients developed MTX-associated pneumonitis.

Several reports have shown a good response to MMF in patients with autoimmune- and myositis-associated interstitial lung disease, improving respiratory parameters such as forced vital capacity and diffusion capacity for carbon monoxide.^[@bibr8-1759720X19886494][@bibr9-1759720X19886494]--[@bibr10-1759720X19886494]^ A recent retrospective study evaluated the efficacy of AZA and MMF on myositis-associated interstitial lung disease in 110 patients, showing similar beneficial effect on lung function and steroid sparing with a lower prednisone dose required in patients treated with AZA after 36 months.^[@bibr11-1759720X19886494]^ Notably, adverse events were more frequent with AZA than MMF treatment (33.3% *versus* 13.6%), with one patient being switched from AZA to MMF due to side effects. A better tolerability of MMF compared with AZA has also been described in the treatment of other inflammatory disorders such as systemic sclerosis.^[@bibr12-1759720X19886494]^ MMF therefore presents an effective and mostly well-tolerated immunosuppressant for symptom control and sparing of corticosteroids.

The use of immunosuppressants increases risk for infections, especially in cases of severe leukopenia. Therefore, therapy with one of the immunosuppressants requires regular monitoring of relevant blood parameters including full blood count, liver, and renal function tests. Long-term use of AZA in particular shows a risk for certain malignancies such as lymphoma and nonmelanoma skin cancer,^[@bibr13-1759720X19886494]^ therefore special measures such as sun protection and regular dermatological screenings are necessary. MTX bears a recognized risk for pulmonary toxicity,^[@bibr14-1759720X19886494]^ which presents a rare but severe side effect.

Calcineurin inhibitors {#section5-1759720X19886494}
----------------------

Cyclosporin A and tacrolimus are calcineurin inhibitors that exert their major therapeutic effects by inhibiting T-cell-mediated immune responses and thus suppressing the production of interleukin 2 (IL-2) and related cytokines. There is evidence for the positive effect of calcineurin inhibitors on muscular involvement in myositis, including a case series of eight patients \[six had anti-Jo-1 and two had had antisignal recognition particle (anti-SRP) antibodies\] with refractory myositis receiving treatment with tacrolimus,^[@bibr15-1759720X19886494]^ an observational study of 16 patients with PM and 15 patients with DM receiving treatment with tacrolimus^[@bibr16-1759720X19886494]^ and more recently, a multicenter, randomized study assessing ciclosporin with prednisone in patients with new-onset juvenile DM.^[@bibr6-1759720X19886494]^ Moreover, calcineurin inhibitors have been used in the treatment of myositis-associated interstitial lung disease (IDL) since the 1990s, and recent case reports and retrospective studies support this by demonstrating better clinical outcome, successful tapering of corticosteroids, and improvement in pulmonary function tests and high-resolution computed tomography (HRCT).^[@bibr17-1759720X19886494][@bibr18-1759720X19886494][@bibr19-1759720X19886494]--[@bibr20-1759720X19886494]^ The beneficial effect was most evident if treatment was started during the early stage of the disease^[@bibr18-1759720X19886494]^ and the presence of antisynthetase antibodies seems to be related to a good response to calcineurin inhibitors.^[@bibr21-1759720X19886494],[@bibr22-1759720X19886494]^

Due to differences in the molecular way of inhibiting the activity of calcineurin and differences in pharmacodynamics, the pharmacological effect of tacrolimus is estimated to be 100 times stronger than that of ciclosporin A, and has a longer half-life than that of ciclosporin A.^[@bibr23-1759720X19886494]^ This suggests that tacrolimus has some advantages over ciclosporin for the treatment of myositis and associated interstitial lung disease (ILD), but comparative studies are lacking.

Adverse events are generally similar between ciclosporin and tacrolimus and include hypertension, nephrotoxicity, hepatotoxicity, and malignancy. Therefore, monitoring of the serum levels of both drugs needs to be performed regularly. Additionally, both ciclosporin A and tacrolimus influence the cytochrome P 3A4, thus potential drug interactions need to be considered.

Calcineurin inhibitors can be considered as an alternative option in case of insufficient response to the standard therapy used in combination with other immunosuppressive drugs. The effectiveness of calcineurin inhibitors in the treatment of myositis-associated ILD is highly promising, yet randomized prospective multicenter studies in patients with myositis-associated-ILD are still needed.

Intravenous immunoglobulin (IVIg) {#section6-1759720X19886494}
---------------------------------

IVIg serves as an alternative option or add-on treatment in case corticosteroids and standard immunosuppressants are not tolerated or not sufficiently effective, (see [Figure 1](#fig1-1759720X19886494){ref-type="fig"}). Two randomized, double-blind, placebo-controlled studies have been performed to evaluate the efficacy of IVIg in the treatment of PM and DM, one including 15 patients with refractory DM, showing a clear benefit under treatment with IVIg compared with placebo,^[@bibr24-1759720X19886494]^ and the other involving 26 patients with steroid-refractory PM and DM, the latter trial showing no significant difference in clinical improvement between the IVIg group and the placebo group; the authors attribute this to selection bias and the small number of patients included.^[@bibr25-1759720X19886494]^ Other sources that support the use of IVIg in inflammatory myopathies are open, uncontrolled prospective and retroprospective studies as well as case series (recent overview in Anh-Tu Hoa and Hudson^[@bibr26-1759720X19886494]^). Apart from the treatment of muscular symptoms, IVIg has also been reported to be effective in therapy refractory ILD and esophageal involvement related to PM and DM.^[@bibr27-1759720X19886494][@bibr28-1759720X19886494]--[@bibr29-1759720X19886494]^ A recent retrospective case review of 42 patients with refractory cutaneous DM treated with IVIg showed improvement of skin manifestations in 35 out of 42 patients (83%); 80% of the patients also had decrease of corticosteroids and immunosuppressive agents under IVIg treatment in the course of disease.^[@bibr30-1759720X19886494]^ A double-blind, randomized, placebo-controlled, multicenter phase III study to evaluate the efficacy and safety of IVIg in patients with refractory DM ('ProDERM study') \[ClinicalTrials.gov identifier: NCT02728752\] has recently completed recruitment and data are awaited soon.

Especially in cases where corticosteroids or immunosuppressants are contraindicated, such as severe infections or neoplasia, IVIg serves as a reasonable option of treatment.

IVIg is usually applied at 1--2 g/kg every 3--6 weeks at a typical daily dose of about 0.5--1 g/kg. The individual dose, time interval between cycles and the number of treatment cycles needed to achieve stability need to be identified individually for each patient. A continuous close monitoring of the clinical response and disease activity is required.

Across all studies and case series so far, IVIg appears to be well tolerated and safe. Potential side effects include allergic reactions, thrombosis, hemolysis, and infusion reactions with headache, fever, and chills; many side effects are associated with the dose and the infusion rate.

Subcutaneous administering of immunoglobulins (SCIg) is associated with fewer systemic side effects and has become increasingly popular in recent years. Through the possibility of a home-based setting, SCIg has also contributed to the autonomy and quality of life of patients. There are case reports and cohort studies on patients with PM or DM, who were switched from IVIg to a maintenance therapy with SCIg, showing favorable clinical response and a good tolerability.^[@bibr31-1759720X19886494][@bibr32-1759720X19886494][@bibr33-1759720X19886494]--[@bibr34-1759720X19886494]^ The most common side effects were injection-site reactions, especially if larger volumes need to be administered, which required frequent administering at multiple sites.

Cyclophosphamide {#section7-1759720X19886494}
----------------

Cyclophosphamide (CYC) usually serves as treatment escalation when standard immunosuppression and IVIg are not sufficient in severe cases of myositis, especially with systemic organ involvement, including lung and cardiac disease. Several uncontrolled cohort studies have demonstrated the efficacy of CYC in the treatment of severe myositis and myositis-associated ILD, with the majority of patients improving in both muscular strength and pulmonary function.^[@bibr35-1759720X19886494]^ A recent retrospective report also describes the use of oral CYC in a cohort of severe, refractory myositis, including nine patients with DM, three patients with PM, and two patients with NM.^[@bibr36-1759720X19886494]^ All patients received concurrent medication with IVIg or rituximab, respectively, and glucocorticoid. The data showed a significant improvement in disease-activity measures and reduction in glucocorticoid dosing; the authors also hypothesize that the higher cumulative CYC dose with daily oral administration compared with IV pulse dosing provide more efficacy, without marked increase of side effects. The most common adverse events noted were respiratory infections followed by leukopenia. In a larger retrospective cohort study of 56 patients with juvenile DM treated with CYC and with a median follow-up duration of 7.8 years, there were only minor adverse events reported in three patients, mainly being respiratory infections.^[@bibr37-1759720X19886494]^ However, the authors acknowledge that the available data are insufficient to fully evaluate long-term side effects such as malignancy and infertility, especially since adults normally receive higher doses of CYC.

Therefore, CYC is still reserved only for severe cases of myositis or systemic organ involvement such as the lung (ILD). Potentially severe adverse events include infections, myelosuppression, renal toxicity, infertility, and secondary malignancy. Combination therapy with other immunomodulatory drugs seem promising, as in the study mentioned above, as well as in another recent case report.^[@bibr38-1759720X19886494]^

Rituximab {#section8-1759720X19886494}
---------

Rituximab is a chimeric monoclonal antibody against the CD20 antigen expressed on the surface of B lymphocytes leading to their depletion in the peripheral blood. Several case reports, case series and open-label trials have suggested a beneficial effect of rituximab in patients with refractory myositis (recent overview in research by Fasano and colleagues^[@bibr39-1759720X19886494]^). The largest randomized, double-blind, placebo-controlled trial so far regarding the efficacy of rituximab in adult and juvenile myositis is the rituximab in myositis (RIM) trial, which included 195 individuals (75 with PM, 72 with DM, and 48 with juvenile DM) refractory to glucocorticoids and at least one immunosuppressive agent.^[@bibr40-1759720X19886494]^ Although the primary endpoint was not reached, the majority of patients (83%) showed a clinical improvement and a steroid-sparing effect during the trial. The rituximab treatment was generally well tolerated; the most common adverse events noted were infections. In a *post hoc* analysis of the RIM trial, the presence of anti-Jo1 and anti-Mi-2 antibodies seem to be predictors of a good response to rituximab;^[@bibr41-1759720X19886494]^ both antibody levels decreased after B-cell depletion and correlated with changes in disease activity.^[@bibr42-1759720X19886494]^ The efficacy of rituximab in ASS was further evaluated in a registry-based study of 43 patients, comparing the clinical response after several rituximab cycles in antisynthetase antibody-positive and -negative patients.^[@bibr43-1759720X19886494]^ The study found a significant steroid-sparing effect only in the antibody-positive group, though both groups showed a clinical improvement regardless of their antibody status.

A recent retrospective cohort study of 43 patients with refractory myositis (15 ASS, 16 DM, 12 PM) also suggests efficacy of rituximab by demonstrating a clinical and laboratory improvement in 75% of the patients at 1 year, as well as a significant reduction/discontinuation of glucocorticoids.^[@bibr44-1759720X19886494]^

The current evidence in literature therefore supports the off-label use of rituximab in patients with refractory myositis, although the role of B lymphocytes in the pathogenesis of myositis is not yet well understood. Common adverse events during treatment with rituximab such as infusion reactions, possible cardiotoxic effects and serious infections have to be considered.

Abatacept {#section9-1759720X19886494}
---------

Abatacept is a human fusion protein of cytotoxic T-lymphocyte protein 4 (CTLA4) and the fragment-crystallizable portion of IgG1 that blocks T-cell costimulation. A recently published randomized, open-label trial with delayed-start design suggests a beneficial response to abatacept treatment in 20 patients with either refractory DM or PM.^[@bibr45-1759720X19886494]^ The trial showed a significant improvement in muscle strength and health-related quality of life in half of the patients after treatment with i.v. abatacept for 6 months. The therapy was generally well tolerated. These positive results have led to an ongoing phase III, randomized, double-blind trial evaluating the efficacy and safety of abatacept in myositis \[ClinicalTrials.gov identifier: NCT02971683\]; its completion date is estimated for June 2021.

Anti-TNFα therapies {#section10-1759720X19886494}
-------------------

Tumor necrosis factor alpha (TNFα) inhibitors include monoclonal antibodies such as infliximab or circulating receptor fusion proteins such as etanercept. The current evidence in literature for anti-TNFα therapies in myositis are variable, with some reports and trials suggesting a beneficial effect in patients with myositis, while others report no efficacy or even worsening of symptoms after TNFα inhibitor treatment (recent overview by Oddis and Aggarwal^[@bibr46-1759720X19886494]^). A recent randomized, double-blind, placebo-controlled trial evaluating the efficacy of infliximab in refractory PM and DM also showed no significant effect with only 4 out of 12 patients responding to treatment with infliximab.^[@bibr47-1759720X19886494]^ Furthermore, there are reports that TNFα inhibitors might even induce myositis.^[@bibr48-1759720X19886494]^ Therefore, the use of TNFα inhibitors in the treatment of myositis cannot be supported at present.

Tocilizumab {#section11-1759720X19886494}
-----------

The use of tocilizumab, an interleukin 6 (IL-6)-receptor antagonist, has been reported only in a few case reports so far; the first report involving two patients with refractory Jo-1-positive PM, who showed a decrease of serum CK levels and resolution of inflammatory signs in muscle magnetic resonance imaging (MRI) after tocilizumab treatment;^[@bibr49-1759720X19886494]^ in another report, a patient with an overlap syndrome involving DM and systemic sclerosis, refractory to multiple therapies, showed improvement in clinical and laboratory parameters after tocilizumab treatment.^[@bibr50-1759720X19886494]^ A case involving a patient with anti-Jo1- and Ro52-antibodies positive ASS, who suffered from relapsing flares of myositis and arthritis with insufficient response to multiple therapies, also demonstrated clinical improvement and normalization of C-reactive protein and CK levels after additional treatment with tocilizumab.^[@bibr51-1759720X19886494]^ A randomized, double-blind, controlled phase II trial evaluating the efficacy of tocilizumab in myositis patients is ongoing \[ClinicalTrials.gov identifier: NCT02043548\].

Anakinra {#section12-1759720X19886494}
--------

Anakinra, an IL-1 receptor antagonist, was tested in a small case study of 15 patients with refractory myositis.^[@bibr52-1759720X19886494]^ Seven patients had clinical response according to the core set measures of disease activity International Myositis Assessment and Clinical Studies (IMACS), four of them also showed improvement in functional index scores. The data still require confirmation by randomized, controlled studies.

Sifalimumab {#section13-1759720X19886494}
-----------

Accumulating evidence in the literature supports an important role of interferon (IFN) α/β-mediated immunity in the pathogenesis of myositis, showing overexpression of IFN-induced genes and IFN-regulated cytokines in blood samples from DM and PM.^[@bibr53-1759720X19886494],[@bibr54-1759720X19886494]^ Sifalimumab is an anti-IFNα monoclonal antibody and its effect was investigated in a phase Ib randomized, double-blind, controlled clinical trial in PM and DM.^[@bibr55-1759720X19886494]^ Treatment with sifalimumab resulted in suppression of the IFN signature in blood and muscle tissue in myositis patients which correlated with clinical improvement. Subsequent trials are awaited.

JAK inhibitors {#section14-1759720X19886494}
--------------

Janus kinases (JAKs) are a family of enzymes that play a crucial role in the interferon-mediated activation of cytokine receptors *via* phosphorylation, which, in turn, enables the recruitment of signal transducer and activator of transcription (STAT) factors that modulate gene expression. JAK inhibitors block the activity of JAKs, thus inhibiting the signaling of different IFNs and ILs. Accumulating evidence points to an important role of IFN-mediated responses and the JAK--STAT pathway in the pathogenesis of DM.^[@bibr53-1759720X19886494],[@bibr56-1759720X19886494],[@bibr57-1759720X19886494]^ The effectiveness of JAK inhibitors has already been shown in various inflammatory diseases (overview by Schwartz and colleagues^[@bibr58-1759720X19886494]^). Ladislau and colleagues demonstrated the pathogenic role of IFN on muscular and endothelial cells *in vitro* and also reported on the treatment with ruxolitinib (a JAK 1/2 inhibitor) in four adult patients with refractory DM, who improved in muscle weakness and skin lesions, while showing reduced serum levels of IFN.^[@bibr59-1759720X19886494]^ The use of another JAK inhibitor tofacitinib (a JAK 1/3 inhibitor) has been shown in a few case reports, comprising nine adult patients with refractory DM in total, with the majority improving clinically.^[@bibr60-1759720X19886494][@bibr61-1759720X19886494]--[@bibr62-1759720X19886494]^ Regarding treatment with JAK inhibitors in juvenile DM, two case reports have been published so far.^[@bibr63-1759720X19886494],[@bibr64-1759720X19886494]^

Recently, preliminary results of an open-label pilot study evaluating tofacitinib in nine adult patients with refractory DM were presented.^[@bibr65-1759720X19886494]^ All nine patients showed minimal to moderate improvement after 12 weeks of treatment, with no reported serious adverse events.

Further randomized controlled trials are expected to evaluate the efficacy and safety of JAK inhibitors.

Plasma exchange in myositis {#section15-1759720X19886494}
---------------------------

There are few data in the literature that demonstrate the effects of plasma exchange in myositis; some up to 30 years ago. In a retrospective study of 38 patients who had a plasma exchange between 1980 and 1986, 24 patients improved in functional status. The efficacy was even higher in acute disease progression. Of these 38 patients, 34 received the therapy after failure of a conventional therapy. In 4 cases, plasma exchange was the initial therapy.^[@bibr66-1759720X19886494]^

Another multicenter study could only show improvement in severe acute forms of myositis.^[@bibr67-1759720X19886494]^ A controlled trail compared plasma exchange with a sham apharesis and showed no significant improvement in muscle strength.^[@bibr68-1759720X19886494]^

A current paper from 2015 reported three cases of myositis with severe pharyngo-esophageal muscle weakness, where plasma exchange was used successfully as a rescue therapy.^[@bibr69-1759720X19886494]^

Plasma exchange is not a common therapy in myositis. But it may serve as a possible treatment in acute forms of myositis where the conventional therapy has failed or cannot be applied due to side effects.

Treatment of NM {#section16-1759720X19886494}
===============

The treatment of NM follows the same general therapeutic concepts as PM or DM, yet patients with NM often show poor response to this standard regimen and may require an early treatment escalation or add-on therapy. A case series of three patients with statin-triggered autoimmune myopathy, who were not given corticosteroids because of diabetes, showed a good clinical response to a monotherapy with IVIg.^[@bibr70-1759720X19886494]^ Several reports support the use of rituximab in NM, especially in SRP-antibody positive patients.^[@bibr71-1759720X19886494],[@bibr72-1759720X19886494]^ One case report also describes the successful use of CD34+ autologous stem-cell transplantation in a patient with anti-SRP myositis, previously unresponsive to multiple immunosuppressants including IVIg, cyclophosphamide, alemtuzumab and infliximab.^[@bibr73-1759720X19886494]^

Treatment of IBM {#section17-1759720X19886494}
----------------

Patients with IBM are usually above the age of 50 years. The disease leads to a slowly progressive, asymmetrical weakness of the upper and lower limbs. The quadriceps muscle weakness leads to falls and difficulties in rising from a chair or climbing stairs. The finger flexion is also typically involved. An important clinical feature in around two thirds of IBM patients is dysphagia, which can even be the initial presenting symptom, and which may be so severe that it causes aspiration.

No effective treatment of IBM has been identified so far.^[@bibr74-1759720X19886494]^ The standard regimen as used for other forms of myositis, as discussed above, does not stabilize IBM.^[@bibr74-1759720X19886494]^ A double-blinded, placebo-controlled study with methotrexate showed no difference in progression and muscle strength over a timespan of 48 weeks.^[@bibr75-1759720X19886494]^

The weakness is progressive and leads to a loss of function and an impairment in activities of daily living. After 10 years, the patients are mostly dependent on wheelchairs.^[@bibr76-1759720X19886494]^ Dysphagia affects up to 70% of patients with IBM. It can lead to severe complications.^[@bibr77-1759720X19886494]^ Botulinum toxin injections into the upper oesophageal sphincter can improve dysphagia.^[@bibr78-1759720X19886494][@bibr79-1759720X19886494]--[@bibr80-1759720X19886494]^

Intravenous immunoglobulin (IVIg) {#section18-1759720X19886494}
---------------------------------

Studies with IVIg in IBM showed conflicting results. A long-term follow-up study examined the muscle strength and the patient subjective assessment in 16 patients with IBM. Three patients showed an improvement in swallowing, and a noticeable improvement in muscle strength was shown in two patients. However, the short-term effects were not sustained over time.^[@bibr81-1759720X19886494]^ In placebo-controlled clinical trials, mild positive effects in muscle strength and swallowing were reported.^[@bibr82-1759720X19886494],[@bibr83-1759720X19886494]^ All clinical trials missed their primary outcome. Therefore, IVIgs are not used by most experts. A major shortcoming of these trials is a duration of 3--6 month, which, according to current understanding, is too short for evaluating a chronic disease such as IBM. Cherin and colleagues published a case report about six IBM patients with subcutaneous IVIg therapy. All these patients showed an improvement in muscle strength and resolution in dysphagia. The duration of treatment rises from 4.5 months to 27 months.^[@bibr84-1759720X19886494]^ Because of individual positive responses and to identify the patient collective which improves on IVIgs, a temporary probating treatment with IVIg can be tried, for example, 1--2 g/kg every 6--8 weeks for 6 months.^[@bibr74-1759720X19886494]^

Infliximab {#section19-1759720X19886494}
----------

Infliximab was tested in 2008 in a cohort of four IBM patients and patients with different refractory myositis. In conclusion, no change in muscle strength was achieved and the therapy led to side effects, leading to a dropout of one of the patients. Moreover, the post-treatment MRI showed an increase of inflammation by 23%.^[@bibr85-1759720X19886494]^

Etanercept {#section20-1759720X19886494}
----------

Etanercept, a tumor necrosis factor blocking agent, was tested in a small study with nine IBM patients. The patients received 25 mg etanercept twice a week and the outcome was defined in quantitative strength testing. Only small improvements in handgrip after 12 months of treatment could be found.^[@bibr86-1759720X19886494]^

Anakinra {#section21-1759720X19886494}
--------

Anakinra was tested in several studies in patients with IBM. Anakinra is an IL-1-receptor antagonist and was tested with the aim of reducing amyloid by blocking IL-1β and improve the muscle strength and function in daily living. A pilot study in 2013 showed no improvements.^[@bibr87-1759720X19886494]^ In 2014, another study of 15 patients with refractory myositis was performed. Five of them suffered from IBM. The patients received an injection of anakinra daily for 12 months. One IBM patient showed improvements after 3 months, one worsened, and three showed no difference.^[@bibr52-1759720X19886494]^

Lithium {#section22-1759720X19886494}
-------

In preclinical studies, lithium was highly promising as a treatment for IBM. Studies showed a reduction of amyloid-β precursor protein by lithium treatment.^[@bibr88-1759720X19886494]^ Another trial used lithium for 1 year in 15 IBM patients. Nine of them completed the study and showed no improvement in muscle strength.^[@bibr89-1759720X19886494]^ In view of the interesting approach of lithium treatment to reduce the degenerative proteins, more studies are required to explore the effects.

Rapamycin {#section23-1759720X19886494}
---------

Rapamycin is well known in preventing rejections after organ transplant and augmenting autophagic protein degradation. Recently, treatment with rapamycin in IBM was tested in a monocentric, randomized, double-blind, placebo-controlled phase II trial \[ClinicalTrials.gov identifier: NCT02481453\]. Over a period of 12 months, 22 patients received oral rapamycin and 22 participants received placebo. The quadriceps strength was used as the primary outcome and was not increased. However, the fatty-tissue replacement was reduced on MRI and the 6 min walking distance was improved after rapamycin versus controls.^[@bibr90-1759720X19886494]^ A large, international trial is now awaited.

Follistatin {#section24-1759720X19886494}
-----------

Follistatin gene therapy shows improvements in patients with Becker muscular dystrophy. Follistatin is a protein that blocks myostatin. The protein myostatin limits muscle growth and stops the muscles from hypertrophy. Therefore, follistatin gene therapy leads to muscle growth. A study published in 2017 evaluated follistatin gene therapy in IBM. In this trial, follistatin (rAAV1.CMV.huFS344) was injected in the quadriceps muscle of both sides in six patients. Patients received an exercise regime. The primary outcome was the distance the patients traveled in a 6 min walk test. Compared with untreated IBM patients matched for baseline measurements, age and sex, the Follistatin group showed an improvement of +56.0 m/year. The untreated patients showed a decline of −25.8 m/year in the 6 min walk. Muscular biopsies showed a decrease in fibrosis.^[@bibr91-1759720X19886494]^ More research is required before follistatin could be recommended in IBM.

Arimoclomol {#section25-1759720X19886494}
-----------

Arimoclomol leads to an increased production of heat-shock proteins. Heat-shock proteins are normally produced as a reaction to cellular stress and might counteract and reduce the toxicity of cellular stress.^[@bibr92-1759720X19886494]^ Currently, arimoclomol is being tested in IBM in a phase II trial \[ClinicalTrials.gov identifier: NCT02753530\]. The study will continue for more than another year. The participants receive arimoclomol three times a day. The primary outcome measure is the decline of the IBM functional rating scale upon arimoclomol compared with placebo.

Alemtuzumab {#section26-1759720X19886494}
-----------

Alemtuzumab binds to CD52, a glycoprotein that is expressed on mature T cells and B cells. A pilot trial with 13 patients with one series of alemtuzumab infusion over 4 days was performed. In some patients, the muscle strength improved. In general, the infusion could slow down the progression for up to 6 months and reduce the endomysial inflammation and stressor molecules in muscle biopsy.^[@bibr93-1759720X19886494]^

Bimagrumab {#section27-1759720X19886494}
----------

Muscle mass is regulated by the myostatin/activating type II receptor pathway. The use of anti-ActRII antibodies leads to muscle hypertrophy in mouse models. The human anti-ActRII antibody is called bimagrumab.^[@bibr94-1759720X19886494]^ Bimagrumab was tested in 14 patients with IBM. The patients treated with bimagrumab showed an increase in muscle mass and body volume. They showed an improvement in the 6 min walking distance compared with the placebo group.^[@bibr95-1759720X19886494]^ In a recent double-blinded, multicenter trial, the primary endpoints (improving of muscle strength and the 6 min walking distance) could not be reached. However, the drug was well tolerated.^[@bibr96-1759720X19886494]^

To assess the improvement by a certain treatment, it is important to consider that strength and function do not change linearly in IBM; rather, phases of stability and decline may follow each other.^[@bibr97-1759720X19886494]^ To some extent, the heterogeneity might be explained by a different cytosolic 5′-nucleotidase 1A (anti-CN-1A) autoantibody status. Some 61% of patients with IBM have a positive anti-CN-1A-antibody status.^[@bibr98-1759720X19886494]^ Anti-anti-CN-1A occurs in other diseases like Sjögren syndrome or systemic lupus erythematosus, too.^[@bibr99-1759720X19886494]^

A study which compares IBM patients with and without a positive antibody status showed differences in histopathological, serological, and clinical features. Compared with antibody-negative patients, IBM patients with a positive antibody status have a higher mortality risk, especially due to respiratory diseases and more facial weakness. During onset of the disease, patients with a negative status have more weakness of the proximal upper limbs.^[@bibr100-1759720X19886494]^ Another study found that patients with a positive antibody status show more dysphagia and a reduced forced vital capacity. Additionally, they needed significantly more assistive devices like a wheelchair.^[@bibr101-1759720X19886494]^ Research in pathomechanism suggests that protein degradation in myofibers is affected by the anti-cN-1A autoantibodies.^[@bibr102-1759720X19886494]^

In conclusion, many drugs have been tested for IBM. So far, no breakthrough has been achieved, but the number of ongoing and planned studies gives hope that we may see some light at the end of the tunnel.

Non-pharmacological treatment {#section28-1759720X19886494}
=============================

Physical training in DM and PM leads to a stabilization of disease progression. In some studies with small groups of patients, an exercise program at home improved muscle strength and endurance.^[@bibr103-1759720X19886494]^ In particular, concentric sport activities cause less injury to muscle fibers than eccentric sport activities. The stretching during eccentric sport activities can cause myalgia, elevated inflammatory activities, and an increase of CK. An immobilization in patients with myositis is obsolete.^[@bibr104-1759720X19886494]^ Patients with IBM also show an improvement upon physical training: an aerobic training, which included cycling and resistance exercise over 12 weeks, three times per week, showed an improvement in muscle strength and was well tolerated. The CK levels did not change significantly after the training period.^[@bibr105-1759720X19886494]^ A randomized single-blinded phase II trial tested a 12-week aerobic training program in patients with Charcot-Marie-Tooth disease type 1A (CMT) and IBM. The primary outcome was the peak oxygen uptake during a maximal exercise test. The results show that aerobic training clearly improves the primary outcome, especially in IBM. Another important aspect is the safety and feasibility of aerobic programs.^[@bibr106-1759720X19886494]^ The evidence in the literature clearly supports moderate physical exercise in patients with myositis.

Conclusion {#section29-1759720X19886494}
==========

Currently, numerous immunosuppressive and immunomodulatory therapeutic agents are available for the treatment of myositis. Glucocorticosteroids and immunosuppressants remain first-line therapy in DM, PM, NM, and OM, including ASS; early start and sufficient dosing can lead to stabilization of the disease, improvement of strength and decrease in inflammation. However, side effects of immunosuppressive treatment should not be underestimated. The refractory cases and extramuscular manifestations such as IDL, cardiac involvement, etc. should prompt early add-on or escalating treatments. Treatment of IBM remains a challenge. Novel therapeutic approaches targeting specific immunological pathways are highly promising. In order to evaluate their efficacy, large, randomized, controlled clinical trials are needed. Additionally, further research on the pathogenesis of myositis is essential to understand the different phenotypes and to better predict the response to a specific treatment. These efforts taken together may hopefully improve the treatment of myositis in the future.
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